UNCLASSIFIED 


AD  NUMBER 

AD843456 

NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release,  distribution 
unlimited 


FROM 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors; 
Administrative/Operational  Use;  DEC  1967. 
Other  requests  shall  be  referred  to 
Department  of  the  Army,  Fort  Detrick, 
Attn:  Technical  Release  Branch/TID, 
Frederick,  MD  21701. 

AUTHORITY 

Fort  Detrick/ SMUFD  ltr  dtd  15  Feb  1972 


THIS  PAGE  IS  UNCLASSIFIED 


TRANSLATION  NO.  'S? 


date  : £  //st: V*  <&i  --'W , 


DDC  AVAILABILITY  NOTICE 

Qualified  requestors  may  obtain  copies  of  this 
document  from  DDC. 

STATEMENT  Hi  UNCLASSIFIED 

This  document  is  subject  to  special  export 
controls  and  each  transmittal  to  foreign  ,1 

governments  or  foreign  nationals  may  bt  made 
only  with  prior  approval  of  Dept,  of  Army, 

Fort  Detrick,  ATTN:  Technical  Release  Branch/ 
TID,  Frederick,  Maryland  21701 


u 


NOV  21  £68 


DEPARTMENT  OF  THE  ARMY 
Fort  Detrick 
Frederick,  Maryland 


MULTIPLICATION  AND  VIRULENCE  OF  SEPT  10  KM  ID 
AND  BLOOD  PATHOGENS  IN  THE  ORGANISM  OF  IN¬ 
FECTED  AN  DIALS  AND  IN  THEIR  CARCASSES. 


REPORT  VIII.  STUDY  OF  A  MODEL  OF  EXPERI¬ 
MENTAL  INOCULATIONS  WITH  Salmonella 
typhlmurlum 


Izvestlya  na  Mlkroblolo- 
gicHoskiya  institut  na 
BaN  tag'll  a  tin  of  the  In¬ 
stitute  of  LliorobJ  ology 
of  the  Bulgarian  Aoademy 
of  Sciences),  Vol.  17, 
1965,  pages  143-153 


Al.  Toshkov ,  Iv,  Kaloyanov  and 
D,  Velyanov  (with  the  assistance 
in  pert  of  student  oircle  mem¬ 
bers  T.  Khinkov  and  S.  Petrov) 


Salmonella  typliimurlum  was  selected  as  the  subject  of 
the  investigations  Ine  results  of  wh  ich  we  set  forth  in  the 
present  report.  Its  selection  was  occasioned  by  the  folio?; ing 
two  facta:  first,  among  the  types  of  Salmonella  microorgan¬ 
isms  it  is  the  most  prevalent  in  nature  and  has  the  most 
hosts  and,  second,  it  is  isolated  in  the  highest  percentage  in 
the  oeses  of  toxlnfections  in  humans  . 

What  Salmonella  typhimurium  represents  in  comparison 
with  other  Selmonella  types  cor,  be  seen  very  well  from  the 
table  given  by  lierchent  and  Packet  [9],  on  the  basis  of  the 
data  of  Edwards  and  Bruner,  relating  to  the  USA  for  the  period 
1934-1947.  It  encompasses  6,381  outbreaks  of  Salmonella  in¬ 
fections  caused  by  20  Salmonella  types  in  man  and  in  16  spa¬ 
des  of  domestic,  experimental  and  wild  animals  and  bird3. 

Ft  ora  the  data  in  the  above-mentioned  table  it  can  be 
seen  that  out  of  a  total  of  6,381  outbreaks  caused  by  20  Sal¬ 
monella  types,  moat  of  them  —  1892  (31$)  —  are  due  to  Sal- 
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monella  typhimurium.  Moreover,  this  type  has  caosed  salmonella 
infeotionB  not  only  in  man  bat  also  in  the  above-mentioned  spe¬ 
cies  of  animals.  As  can  be  seen  from  the  table,  the  other  sal¬ 
monella  types  have  a  considerably  smaller  range  not  only  in  re- 
speot  of  the  number  of  animals  affected  but  also  in  respeot  of 
the  number  of  outbreaks  registered.  From  a  survey  of  Salmonel¬ 
la  typhimurium  infeotions  it  can  be  seer  that,  apart  from 
domestio  animals  and  a  numbor  of  animals  living  in  freedom  or 
in  seml-freedora,  these  infections  affect  rodents  end  birds  — 
a  faot  which  shone  the  importance  of  this  salmonella  and  of 
the  infections  caused  by  it  from  the  viewpoint  of  the  doctrine 
of  the  natural  foous  of  infectious  diseases. 

The  experience  of  using  this  salmonella  type  to  control 
mice  and  other  rodents  yielded  numarous  faots  which  unequivo¬ 
cally  emphasize  the  significance  of  cannibalism  during  an 
artificially  induced  epizootic  among  these  animals  as  a  most 
important  factor  in  infections  and  reinfections. 

As  was  emphasized  at  the  beginning,  Salmonella  typhi¬ 
murium  is  isolated  in  very  high  percentage  in  oases  of  food 
tox'infeotions  in  humans.  According  to  tha  data  of  Kaufraann 
(olted  by  Yurkov  et  al,  [8]),  in  Denmark  it  is  isolated  in 
70$  of  cases,  in  Germany  in  65$,  in  England  in  65$  and  accord¬ 
ing  to  Shur  [7]  in  the  Soviet  Union  it  is  isolated  in  more 
than  60$  of  oases.  In  our  oountry  according  to  the  data  of 
Yordanov  et  al,  [1]  60.8$  of  cases  of  food  toxinfections  are 
due  to  Salmonella  typhimurium. 

All  these  facte  gave  us  reason  to  assume  with  great 
probability  that  not  only  the  multiplication  of  Salmonella 
but  also  the  intensification  of  their  virulence  take  place 
not  only  in  the  carcasses  but  also  in  the  meat  of  animals 
slaughtered  perforce  or  when  they  are  in  an  incubation  period 
(in  oaees  of  salmonellosis  caused  by  Salmonella  typhimurium) . 

Set-up  and  methods  of  the  Investigation 

The  first  part  of  the  Job  of  tracing  the  multiplication 
end  ohangee  in  virulence  of  Salmonella  typhimurium  in  the  or¬ 
ganism  of  infeoted  animals  in  vivo  and  post  mortem  In  the  oar- 
o&Bses  of  deed  animals  was  performed  on  white  mioe  according 
to  the  method  used  in  our  preceding  works  [2,  3,  4,  5,  6,  10], 

Changes  in  virulence  were  determined  on  cultures  iso¬ 
lated  from  the  liver  of  dead  mice. 

We  calculated  ohangee  in  the  virulence  of  sa lmonella 
typhimurium  during  the  course  of  sickness  on  the  basis  of  the 
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analysis  of  cultures  isolated  from  the  liver  of  white  mice, 
killed  in  groups  at  different  hours  after  inoculation,  as  in¬ 
flected  in  the  text  and  Table  3. 

We  used  rabbits  to  trace  the  multiplication  and  viru¬ 
lence  of  Salmonella  typhlmurium  in  the  musculature  of  animals 
under  condition’s  similar  to  those  of  the  forced  slaughter  of 
enimolc  sick  with  salmonellosis  or  the  slaughter  of  animals 
during  an  incubation  period  (prior  to  manifestation  of  the 
clinical  picture  of  calmonellosia ) ,  Tno  rabbits  were  each 
inooulated  intravenously  with  0,1-0, 2  mm  of  18-  to  20-hour 
broth  culture  of  Salmonella  typhlmurium,  dissolved  in  2-3  ml 
of  physiologic  solution.  V.'e  killed  a  part  of  them  early  — 
from  10  to  40  minutes  after  injection  —  in  order  to  Simula  te 
slaughter  during  an  incubation  period,  while  the  rest  or  the 
rabbits  we  killed  at  the  oiimax  of  their  salmonellosis  infec¬ 
tion  with  the  object  of  approximating  the  conditions  of 
fer  oed  slaughter. 

Immediately  after  slaughter  we  removed  0.500-0,800  kg 
of  musculature  which  we  ohopped  three  times  in  a  chopper  and 
left  at  ordinary  room  temperature  (18-20°  C)  in  order  to  make 
the  conditions  of  the  experiment  approximate  the  conditions 
and  situation  in  which  chopped  meat  is  kept  in  praotlce  and 
in  which  salmonella  toxlnfections  moat  frequently  break  out. 
Using  the  ohopped  meat  thus  preserved,  v.e  traced  the  multipli¬ 
cation  of  salmonella  and  the  concomitant  microflora  in  it  at 
different  periods  (at  the  moment  of  slaughter,  10,  24  and  48 
hour b  thereafter)  through  gradual  dilution  in  physiologio 
solution  and  culturing  on  ordinary  snd  stained  media,  and  at 
the  sane  tice  we  determined  changes  in  the  virulence  of  the 
Isolated  cultures  by  titration  on  white  mice. 

All  the  salmonella  cultures  isolated  were  identified 
by  oul tiring  on  ordinary  and  stained  nutrient  media,  the  com¬ 
plete  variegated  series  according  to  Kaufmann,  snd  serological¬ 
ly. 


Results  and  Discussion 


fable  1  gives  the  results  of  tracing  the  rate  at  wh  loh 
und  the  eatent  to  which  Salmonella  typhlmurium  multiplies  in 
curcaasea  at  a  temperature  of  18-22°  C  on  the  basis  of  micro¬ 
biological  findings  in  the  carcasses  of  34  white  mice,  Prom 
a  review  of  what  was  found  in  blood  smears  it  can  be  seen  that 
at  the  moment  of  death  no  salmonella  bacteria  are  discovered 
on  the  visual  field  or  2-3  bacteria  are  ascertained  on  each 
of  a  few  visual  fields  in  a  few  individual  preparations.  The 
same  finding  is  ascertained  at  the  6th  hour  as  well,  becoming 
completely  negative  by  the  12th  and  18th  hour.  In  prepara- 
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tlons  made  at  the  24th  hour  the  finding  la  almost  the  same  as 
at  the  moment  of  death  and  the  6th  hour.  In  a  few  prepara¬ 
tions  2-3-4  baoteria  can  be  discovered  aoroas  aaoh  of  several 
fields.  In  subsequent  hours  the  findings  are  negative.  These 
data  give  reason  to  believe  that  prior  to  death  the  booteriemio 
titer  of  Salmonella  typhimurium  is  not  higi  enough  to  be  able 
to  overoome  the  antibaoter lal  properties  of  the  blood  or  to 
assure  more  or  less  energetio  multiplies tlon  of  salmonella  aft¬ 
er  death. 


Table  1 

RAT*.  AND  EXTENT  CF  POSTUORTAI  !flT7=TIPLICATI0N  OF 
Salmonella  typhimurium  AT  ROOM  Tii  .PERAlliKiS  (18- 

22°”  'ff )'  "W  'THE  baSIS  ‘CF  findings  in  carcasses  of 

34  WHITE  MICE 
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Keys 

A. 


B. 

C. 


D. 

E. 


(by  oolunna): 

Time  after  death 


1. 

LJoment  of  death 

5. 

24 

hours 

2. 

6  hours 

6. 

36 

hours 

3. 

12  hours 

7. 

4.3 

hours 

4. 

18  hours 

8. 

72 

hours 

Blood  (number  of  Salmonella  on  visual  field) 
1,  from  0  to  2-3 

Liver  (number  of  Salmonella  on  visual  fieldj 
1,  from  0  to  17 

8.  Of  and  on  oertain  fields  up  to  50 
Spleen  (number  of  Salmonella  on  visual  field) 
Kidney  (number  of  Salmonella  on  visual  field) 


This  peculiarity  of  Salmonella  typhimurium  makes  it 
like  LlBteria  monooytogenes  L16J  and  distinguishes  it  from 
the  other  septioemic  pathogens,  the  objeots  of  our  preceding 
investigations  [2,  3,  4,  5,  10J. 
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Immediately  after  death  from  0  to  17  bacteria  per  visual 
field  are  ascertained  in  emoara  from  the  liver.  By  the  6th 
hour  this  number  increases  5-  or  6-fold  end  in  some  coae3  even 
more,  attaining  an  increase  of  50-  to  100-fold  or  more  by  the 
24th-36th  hour.  By  the  72nd  hour  a  rapid  drop  is  observed  in 
the  number  of  salmonella  aa  the  reBult  of  incipient  lyais. 

We  must  note  that  after  the  24th-36th-48th  hour  in  almost  every 
oase  there  is  observed  an  initially  weak  but  later  mass  multi¬ 
plication  of  extraneous  septic  flora. 

In  smears  from  the  spleen  made  after  death  from  0  to 
7-15  baoteria  per  field  are  discovered.  After  the  6th  hour 
the  number  of  bacteria  fluctuates  almost  parallel  with  those 
or  salmonella  from  U»a  liver  findings  and  reaches  its  maximum 
by  the  48th  hour.  By  the  72nd  hour,  as  a  result  of  iho  lytic 
prooessaa  that  sat  in,  no  salmonella  bacteria  are  discovered. 
Here,  too,  mass  multiplication  of  extraneous  microflore  was 
ascertained  by  the  36th  hour. 

In  the  kidneys  the  number  of  salmonella  shows  the  same 
tendenoy  to  rise  from  scattered  bacteria  at  the  moment  of 
death  to  a  maximum  of  201  to  452  baoteria  by  the  48th  hour. 

Btom  a  comparison  of  the  results  obtained  from  the  dif¬ 
ferent  organs  it  can  be  seen  that  multiplication  of  Salmonella 
typhlmurlum  proceeds  most  energetically  in  tha  liver,  more 
weakly  in  'the  spleen  end  kidneys  while,  as  we  pointed  out 
supra,  in  the  blood  no  multiplication  of  salmonella  bacteria 
la  noted  [See  Note],  All  these  data  indicate  that  the  funda¬ 
mental  avenue  of  infection  can  be  only  the  peroral  one  and 
that  the  transmissive  avenue  for  the  transfer  of  infection 
oan  hardly  be  of  any  real  value, 

[Note]:  The  ooctlon  on  postaortal  multiplication  of 
Salmonella  typhlmurlun  was  developed  according  to  data  from 
"the  work  of  student  circle  members  in  the  Chair  of  Microbiol¬ 
ogy  of  the  VVMI  [Vl8ah  voterinurno-medltsinski  institut; 

Higher  Institute  of  Veterinary  Medicine] ,  'l'inko  Khinkov  and 
Simeon  Petrov , 

From  a  comparison  of  these  results  with  the  results  of 
our  preceding  works  [2,  3,  4,  5,  6,  IQ]  it  can  be  seen  that 
Salmonella  typhimur lum  in  respect  of  the  extent  and  rate  of 
Tts  muYti plication  in  carcasses  ranks  after  Past,  raultocida. 
Past,  pseudotuberculosls  and  Bact,  pyocyaneun  *but  before 
jSr'ya,  rhuBio papillae  and  List ,  monocyto  genes.  ~ 

Table  2  gives  the  results  of  tracing  the  changes  in 
virulence  of  Salm,  typhlmurlum  in  the  organism  of  white  mloe 
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from  Inoculation  to  thi  moment  of  their  death,  As  oan  be  seen 
from  the  Table,  in  the  courue  of  the  disease  virulence  rises 
gradually.  By  the  3rd  and  6th  hour  it  is  3-1/2  times  higher 
than  initial  virulence;  it  increases  5-fold  by  the  48th  hour 
and  7-1/2  fold  by  the  120th  hour,  attaining  a  rise  of  30-fold 
during  the  death  struggle.  The  same  degree  of  virulence  was 
also  noted  in  the  cultures  isolated  from  mioe  at  the  moment  of 
their  death. 


Table  2 


CHANGES  IN  VIRULENCE  OF  Salmonella  typhimuriom 

IN  THE  ORGANISE  OF  YflOTHIJS  A^VIUTUUS - 

PERIODS  AFTER  INOCULATION 


i 


A  Bpcua  npa  ) ipunmn 

B  BMpyjicnrfKKT  {Nliom  : 

3  H. 
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24  H. 

6.10  *  (HspaeTBi  5  n t&tm  a  cpaancMnc  c  msxoahiti) 

40  *i. 

6.10“» 

72  *. 

4. 1 0  •  (HipiCTII  7>  |  H«H  1  CpXBHCHHC  C  HIXOAHITl) 

96  k. 

4.10  -* 

120  h. 

4.10“* 

166  m.  (■  . -omhh) 

1  Q— 8  (Hipicru  30  n\TH  k  cpikHCH HC  C  KSXOAIUTl) 

Mowenr  hi  t'j'bprn 

io— » 

Keys  {by  columns): 

A,  Time  after  inooulati^a 


1,  3  hours 

6. 

96  hour b 

2.  6  hours 

7. 

120  hour  s 

3.  24  hours 

8. 

166  hours 

(death  strug- 

4 .  48  hours 

file) 

5.  72  hours 

9. 

Moment  of 

death 

VJLrulenoe  (initial: 

3  •  10-2) 

1-2,  ...  (3-1/2  fold  increase  as  compared  with 

initial) 

3-4.  ...  (5-fold  increase  as  compared  with  initial) 

5-6.  ...  (7-1/2  fold  increase  as  compared  with  ini¬ 

tial) 

8-9.  ...  (30-fold  Increase  as  compared  with  initial) 


The  above  data,  obtained  during  a  slowly  proceeding 
septioerala,  are  of  special  Interest  since  they  are  similar  to 
those  gained  u.n  some  of  our  earlier  investigations  into  the 
oauaative  agents  of  aoute  infections  --  PasteurelLa ,  etrepto- 
oocoi  and  staphyloooool  [2,  10], 
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In  Table  o  we  indicate  the  results  of  our  investigation 
cf  changes  in  the  virulence  of  Salmonella  typhlmurlum  in  the 
oaroaaaes  of  white  mice  dead  of  salmonellosis,  kept  at  dif¬ 
ferent  temperatures, 


Toble  3 

CHANCES  IN  VIRULENCE  CF  Salmonella  typhimurium 
IN  CARCASSES  CF  WHITE  MICE  KK’T  AT  PlPi'iiHENT  ' 
T  EUR  ERA  TURKS  (INITIAL  V IRULENC  E  OF  STRAINS 
3  .  10-3) 


A 
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9  x. 

5.  10^* 

5.10-‘ 

10“« 

24  x. 

5. 10“ • 

5 . Iff"* 

10  * 

36  x. 

— 

10'-' 

— 

48  x. 

1 0  • 

10~» 

3 .  iG-’ 

Keys  (by  columns): 


A. 


B. 


Time  after  death 

1.  Moment  of  death 

2.  5  hours 

3.  9  houre 

Temperature  at  which  car 


-1 .  24  ho  are 

0,  36  hour  3 

6.  48  hours 

cassaB  ore  kept 


Ab  oun  be  seen  fro-,  the  data,  the  virulence  valueB  of 
Salmonello  typhlmurlum  rice  markedly  at  a  temperature  of 
2hu  C,  dropping  thereafter  to  a  level  near  initial  virulaice. 

At  the  moment  of  death  virulence  la  10-fold  higher  than 
Initial  virulence.  Ey  the  5th  hour  it  has  increased  sharply 
6,000  times,  remaining  at  the  same  level  by  the  9th  and  the 
£4th  hour.  By  the  48th  hour  it  has  dropped  markedly  to  a  lev¬ 
el  somewhat  higher  than  that  at  the  moaient  of  death. 

o 

At  a  temperature  of  15  C  the  virulence  curve  of  Sal¬ 
monella  typhlmurlum  takes  on  a  profile  similar  to  that  wli"ioE 
we  described  for  Baot,  pyocyaneum  [5],  After  a  300-fold  in¬ 
crease  by  the  6th  ¥our ,  it  dropped  significantly  (60  fold  as 
oompared  with  initial)  by  the  9th  hour,  increasing  again 
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markedly  during  the  lator  hours  and  reaching  a  3,000-fold  in- 
oreaBe  by  the  36th  hour.  By  the  48th  hour  It  dropped  to  the 
level  of  initial  virulence. 

At  a  refrigerating  temperature  (0-4°  C)  a  maximum  in¬ 
crease  in  virulence  of  300  fold  la  attained  at  the  9th  hour 
and  la  maintained  at  the  24th  hour  as  nail.  Thereafter  a 
rapid  drop  la  noted. 

The  above -Indicated  data  Bhow  that  the  ohangeB  in  the 
virulence  of  Salmonella  typhlmurlum  are  aignlf  ioantly  depend¬ 
ent  on  surrounding  temperature  not  only  with  regard  to  the 
maximum  reaohed  but  also  with  regard  to  the  time  during  which 
it  la  reached. 

At  25°  C  thu  maximum  increase  of  6,000  fold  le  reaohed 
us  early  as  the  5th  hour  after  (loath,  at  15°  it  is  3,000  fold 
and  1b  reached  at  the  36th  hour  after  death,  vshilo  at  refrig¬ 
erator  temperature  it  is  barely  300  fold.  In  thi8  regard  Sal¬ 
monella  typhlmuriun  shows  relationships  similar  to  those  es¬ 
tablished  b  y  us  in  the  caao  .  f  EryB .  rhuslopathlae  [4], 

Comparison  of  the  data  derived  from  tracing  the  changes 
In  virulence  of  Salmonella  ty  phi  murium  in  the  organism  of  in¬ 
fected  aninu  3  during  the  course  of  the  disease  and  in  their 
carcasses  after  death  categorically  indicates  that  the  patho¬ 
gen  of  which  oarosB3es  are  the  souroe  represents  a  far  greater 
danger  than  the  one  emanating  from  the  organism  of  the  siok 
animals. 


The  great  pootmortal  multiplication  of  Salmonella 
tvphi murium  in  the  tissues  of  dead  white  mice  and  the  sharp 
rise  in  its  virulence  after  death  at  a  temperature  of  25°  C 
(up  to  6,000  fold  In  comparison  with  initial  virulence)  as¬ 
sures  the  pathogen  the  optimum  opportunity  for  it  to  be  dissem¬ 
inated  and  circulated  among  rodents,  lnaeotivora,  carnivora 
end  omnivore  living  at  liberty  in  nature  owing  to  the  canni¬ 
balism  widely  prevalent  among  them. 

Ths  rusultB  of  our  researches  serve  to  explain  the  very 
interesting  data  of  Edwards  and  Rrunar  set  forth  at  the  begin¬ 
ning  of  the  present  work  which  relate  not  only  to  the  infec¬ 
tious  speotrum  of  Salmonella  typhlmuriun  tut  also  to  its  great 
dlsBeminat ion . 

The  significant  influence  exerted  by  different  tempera¬ 
tures  on  changes  in  the  virulence  of  Salmonella  typhlmuriun  in 
the  oaroaeses  of  experimental  animals  'distinguishes  it  from 
Past,  paeudotuber cuIobIb  end  list,  monooytegenea  [3,  6]  and 
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can  be  regarded  an  proof  of  its  later  phylogonetic  appearance 
as  a  naturally  focal  pathogen. 

To  trace  the  course  of  multiplication  and  intensifica¬ 
tion  of  virulence  of  Salmonella  tyohlmurium  in  the  musculature 
of  experimental  animal's  killed  'd urine  the  phase  of  injection 
bacterlemia  (incubation  period)  and  at  the  climax  of  the  dis¬ 
ease  (forced  killing),  wo  conducted  experiments  on  rabbits, 
the  results  of  which  we  sot  forth  below. 

In  tracing  the  multiplication  of  Salmonella  typhimurium 
in  ohopped  rabbit  moat  that  had  stood  at  room  temperature,’  a 
progressively  mounting  increase  in  the  number  of  salmonella 
was  ascertained  up  to  the  49th  hour  when  we  halted  the  investi¬ 
gation  owing  to  the  onset  of  decay  processes  already  intensely 
deteotible  organoleptically. 

In  the  case  of  rabbits  killed  during  an  incubation  pe¬ 
riod,  from  1000-2000  to  10,000  salmonella  per  g  of  product 
were  ascertained  in  the  chopped  meat  prepared  immediately  aft¬ 
er  slaughter.  By  the  10th  hour  the  number  thereof  inoreased 
several  fold  to  30,000-40,000,  and  by  the  24th  hour  up  to  90 
million  baoteria  per  g,  attaining  the  huge  figure  of  about  30- 
40  billion  bacteria  per  g  of  chopped  meat  by  the  48th  hour. 

In  the  chopped  meat  prepared  from  rabbits  killed  at  the 
olimax  of  the  disease  we  counted  from  1200  to  10,000  salmonel¬ 
la  per  g  of  product  at  tho  moment  of  death.  By  the  10th  hour 
the  number  thereof  increased  two  or  three  fold  (up  to  25,000- 
30,000).  By  the  24th  hour  it  increased  markedly  to  around 
200  million  salmonella  per  g  of  chopped  meat,  going  as  high 
as  10  billion  by  the  48th  hour. 

As  concomitant  microflora  we  isolated  Bact,  coll,  Staph. 
aibus,  a  few  Sarclna ,  pigmont -forming  cocci  arid  bacilli  from 
the  group  Subtllls  -  Me son ter leus . 

Hero,  in  contrast  to  the  rapidly  multiplying  septic 
mioroflora  in  the  carcasses  of  mice  dead  of  salmonellosis, 
tho  saprophyte  mioroflora  that  we  found  which  had  got  into  the 
chopped  meat  dur  ing  processing  and  preservation  showed  no 
tendenoy  towards  intensified  multiplication. 

In  Table  4  we  indicate  the  data  of  our  research  on  the 
ohanges  in  virulence  of  Salmonella  typhimurium  in  the  chopped 
meat  obtained  from  rabbits  killed  during  an  'incubation  period 
and  at  the  olimax  of  the  disease,  kept  at  ordinary  room  tern- 
perature . 
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Table  4 


CHANGES  IN  THE  VIRULENCE  OF  Salmonella  typhimurloxa 
IN  CHOPPED  MEAT  OF  RA REITS  I’TTO'.TT  TiUHTm1,  TNC'TTE'A-' 
TIOH  PERIOD  AND  AT  CLLIAX  OF  TiHi  DISEASE, 

KEPT  AT  ROOM  TEMPERATURE  (18-20°) 
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2.  10“» 

Initial  virulence  of  the  strain  of  Salmo¬ 
nella  typhimuriom  is  3  •  10"2.  For  the  ra’bbii 
billed  30  minutes  after  inoculation  a  strain  of 
Salmonella  typnimurimn  with  Initial  virulence  of 
2  •  10“2  was  used. 

leys  (by  columna): 

I.  Time  after  Tilling 

1.  Moment  of  death 

2.  10  hours 

3.  24  hours 

4.  48  hours 

II,  Rabbits  killed  during  an  incubation  period 

A,  Rabbit  killed  10  minutes  after  i,  v,  inooulation 

B,  Rabbit,  killed  30  minutes  after  i,  v,  inoculation 
G,  Rabbit  No.  1  killed  40  minutes  after  i,  v,  inoou 

lation 

III,  Rabbits  killed  at  dinar  of  disease 

A.  Rabbit  No.  2 

B.  Rabbit  No.  4 
0,  Rabbit  No,  6 


The  data  referring  to  changes  in  virulence  of  Salmonel- 
lo  typhlmurlum  in  the  chopped  meat  of  rabbitB  killed  dur  ing  'an 
TnouDation  period  show  that  virulence  at  the  momont  of  killing 
is  several  times  (4-6  times)  higher  than  initial  virulence. 

By  the  10th  hour  it  rises  sharply  600  to  6000  times.  There¬ 
after,  by  the  24th  hour  it  decreases  to  100  -  200  times  above 
Initial  virulence,  beooming  equal  to  it  by  the  48th  hour. 

In  the  chopped  meat  obtained  from  rabbits  killed  at  tha 
climax  of  the  disease  (salmonellosis),  virulence  at  the  moment 
of  death  had  risen  30  fold,  i.  e,  it  had  reached  the  level 
which  is  found  in  cultures  Isolated  at  the  moment  of  death  from 
the  ooroasses  of  mice  dead  of  salmonellosis.  Thereafter  it 
rose  from  3700  to  6000  fold  in  comparison  with  initial  viru¬ 
lence,  beginning  gradually  to  drop  by  the  24th  hour  and  reach¬ 
ing  the  initial  level  by  the  48th  hour. 

Comparison  of  the  data  set  forth  above  Bhows  us  that 
in  both  ceses  (animals  killed  during  the  phase  of  lnjeotion 
baoteriemia  and  at  the  climax  of  the  disease)  the  maximum  in¬ 
crease  in  virulence  is  reached  at  the  10th  hour  and  exhibits 
similar  values. 

All  things  considered,  the  values  of  the  changes  in 
virulence  coincide  and  the  curves  obtained  from  them  are  of 
identical  character.  This  gives  us  reason  to  believe  that 
tho  same  potential  hazard  to  the  health  of  the  consumer  lurks 
in  the  meat  obtained  from  animals  that  are  in  an  incubation 
period  or  those  killed  perforce  at  the  climax  of  the  disease. 

Also  of  interest  is  the  fact  that  the  maximum  multi¬ 
plication  of  Salmonella  typhimur  lujn  is  reached  by  the  4th 
hour  while  the  maximum  increase  Fn  ’virulence  is  attained  as 
early  as  the  10th  hour,  dropping  already  by  the  48th  hour  to  a 
level  close  to  the  initial  level. 

Our  data  relative  to  tho  multiplication  of  Salmonella 
typhlmoriVLm  in  ohopped  meat  agree  with  the  data  of  former 
authors  bearing  on  this  quo st ion.  However,  they  explained 
the  outbreak  and  course  of  salmonella  toxinf action s  in  man 
solely  on  the  basiB  of  the  rapid  multiplies  tion  of  salmonella 
in  foodstuffs  of  animal  origin. 

Incomparably  more  important  is  the  fact,  established 
for  tho  first  time  by  us,  that  apart  from  the  multiplication 
of  Salmonella  typhimur ium  in  chopped  meat  obtained  from  rab¬ 
bits  there  also  takes  plaoe  a  vigorous  intensification  of 
the  pathogen's  virulence.  This  fact  oaetB  an  entirely  new 
light  on  the  question  of  the  pathogenesis  of  toxinfeotions. 


11 


It  is  this  faot  which  mokes  it  possible  to  explain  the  reasons 
for  the  rnuoh  shortened  Incubation  period  in  oases  of  toxlnfeo- 
tion  in  contrast  to  that  in  the  specialized  nosological  units 
caused  by  salmonella  (typhoid  fever,  paratyphoid  A  and  B,  para¬ 
typhoid  of  swine  etc.).  Whereas  in  the  case  of  the  latter  the 
inoubation  period  runs  into  days,  in  toxinf ections  it  usually 
lasts  for  only  hours. 

This  difference,  in  our  opinion,  can  be  explained  prin¬ 
cipally  by  the  extreme  rise  in  the  virulence  of  Salmonella 
typhlmurium  in  the  flesh  of  animals  killed  d url ng  a'ri  Tnouba - 
tlon  period  or  at  the  ollmax  of  the  disease. 

In  the  light  of  the  results  obtained  by  us,  further  re¬ 
search  on  Salmonella  must  be  aimed  at  a  study  of  any  possible 
changes  in  the  physiological  and  antlgenic-and-struotural  pe¬ 
culiarities  of  the  offspring  that  have  heightened  their  viru¬ 
lence. 


On  the  basis  of  the  faotB  set  forth  above,  the  question 
of  the  epidemiology  and  eplzootiology  of  salmonella  and 
salmonella-lnduoed  food  toxlnfeotlons  must  be  reoonsidered, 
with  the  otha:  more  widespread  salmonella  also  undergoing  study 
from  this  point  of  view. 

Conclusions 


On  the  basis  of  the  exp  jiments  here  conducted  the  fol¬ 
lowing  oonoluslon8  can  be  drawn: 

1.  Simultaneously  with  the  occurrence  of  intensive 
postmortal  multiplication  of  Salmonella  typhlmurium  in  the 
tissues  of  experimental  animals  dead  of  salmonellosis ,  there 
also  takes  plane  a  very  grcc*  tnorease  In  the  virulence  of 
this  microbe.  In  contrast  to  the  tissues,  no  multiplication 
of  salmonella  is  observed  in  the  blood, 

2,  Salmonella  typhlmurium  reproduces  most  energetically 
post  mortem  in  the  liver ,  attaining  an  lnorease  of  50-100  fold 
between  the  24th-36 -h  hour  after  death.  In  the  spleen  the 
number  of  salmonella  fluctuates  in  almost  parallel  fashion 
with  that  ascertained  in  the  liver,  the  maximum  being  reaohed 
by  the  4Qth  hour.  Multiplication  in  the  kidneys  is  less  vigor¬ 
ous. 


3.  In  the  oourse  of  the  disease  the  virulence  of  Sal¬ 
monella  typhlmurium  gradually  rises,  attaining  a  30-fold  in¬ 
crease  during  the  death  struggle  stage  in  comparison  with 
Initial  vimlenoe. 
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4.  The  postraortal  increase  in  the  virulence  of  Sal¬ 
monella  ty  phi  murium  is  di  roctly  dependent  on  surrounding  tem¬ 
perature  .  At  25u  C  it  reaclion  its  maximum  increase  of  6000 
fold  between  the  5th  and  24th  hour.  At  15°  the  maximum  is 
3000  fold  and  is  reached  by  the  36th  hour,  whereas  at  refrig¬ 
erating  temperature  (0-4°  C)  virulence  increases  barely  300 
fold  in  comparison  with  initial  virulence. 

5.  The  great  differences  registered  between  passage 
virulence  (during  the  diseaso)  and  postmortal  virulence  of 
Salmonella  typhimurium  indicate  the  great  danger  which  the  oar- 
088868  of  animals  dead  of  salmonellosis  represent  from  the 
viewpoint  of  epizootiology ,  epidemiology  and  the  doctrine  of 
the  natural  focus  of  infectious  diseases. 

6.  Salmonella  typhimurium  multiplies  very  intensely 
also  in  the  chopped  moat  oVtoined  from  rabbits  killed  during 
an  incubation  period  and  at  the  olimax  of  the  disease,  going 
as  high  as  tens  of  billions  of  salmonella  per  g  of  product  by 
the  48th  hour. 

7.  It  is  established  that  the  virulence  of  Salmonella 
typhimurium  in  the  chopped  moat  kept  at  room  temperature  rises 
rapidly  and  sharply  and  reaches  its  maximum  increase  of  2000 
to  6000  fold  in  comparison  with  initial  virulence  by  the  10th 
hour. 


The  lack  of  significant  differences  between  the  maximum 
value  attained  by  the  virulonce  of  Salmonella  typhimurium  in 
the  ohopped  meat  obtained  from  rabbits  killed  immediately  aft¬ 
er  intravenous  injection  (during  an  incubation  period)  and 
that  for  rabbits  killed  at  the  climax  of  the  disease  indicates 
that  the  flesh  of  such  animals  constitutes  the  same  potential 
hazard  for  the  occurrence  of  salraonellosiB  toxinfeotions  in 
humans. 


Submitted  to  press  26  November  1964. 
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The  authors  traoe  the  postmortal  multiplies tion  and 
change  in  the  virulence  of  Salmonella  typhimur ium  in  the  organ¬ 
ism  of  experimentally  inoouTuted  White  rni'oe  during  the  dioeoae 
and  in  their  carcasses  after  death,  as  well  as  in  the  flesh  of 
experimentally  infooted  rabbits  killed  during  the  stage  of  in- 
Jeotion  haoteriemia  or  at  the  climax  of  a  case  of  salmonello¬ 
sis. 

To  clarify  tho  first  question,  research  was  conduoted 
establishing  that  at  room  tur.porature  a  significant  postmortal 
inorease  in  the  numbers  of  salmonella  takes  place  in  the  tis¬ 
sues  of  mice  dead  of  salmonellosis ,  whereas  none  is  observed 
in  the  blood.  It  was  established  that  during  the  disease 
there  is  a  gradual  inorease  in  virulence  which  in  the  period 
of  the  death  struggle  goes  as  high  as  a  30-fold  lncreaoo  in 
comparison  with  initial  virulence.  After  death  there  takes 
plaoe  an  extraordinarily  great  increase  in  tho  virulence  of 
Salmonella  typhimur  lura  (up  to  6000  fold),  which  to  a  consid¬ 
erable  extent  is  dependent  on  changes  of  the  surrounding  tem¬ 
perature.  The  slight  increase  during  the  course  of  the  dis¬ 
ease  (up  to  30  fold  in  comparison  with  initial  virulence)  and 
the  marked  increase  after  death  (up  to  6000  fold  at  a  tempera¬ 
ture  of  25°  G)  emphasize  the  important  role  of  carcasses  as 
a  far  more  dangerous  reservoir  and  source  of  infectious  out¬ 
break  than  the  organisms  of  animals  sick  with  salmonellosis. 

To  clarify  the  second  question,  the  authors  traced  the 
multiplication  of  Salmonella  typhlmurlum  and  tho  change  in 
its  virulenoe  in  the  chopped  "meat  of  rabbits  killed  during  the 
stage  of  injection  boctariemla  (incubation  period)  and  at  the 
climax  of  the  disease  (forced  killing).  It  is  established 
that  multiplication  of  Salmonella  typhimur  ium  takes  place 
vigorously  in  the  chopped  moat  at  room  temperature  and  the  num¬ 
ber  thereof  goes  as  high  as  tens  of  billions  of  bacteria  per 
gram  of  chopped  meat  by  the  48th  hour.  It  is  noted  that  the 
virulenoe  of  Salmonella  typhlmurlum  in  the  chopped  meat  in- 
oreases  to  its  maximum  by  xhe  10th  hour,  reaching  an  increase 
of  2000  to  6000  fold  in  comparison  with  initial  virulenoe. 

The  approximately  identical  maximum  values  which  the 
virulence  of  Salmonella  typhimur ium  reaches  in  the  chopped  meat 
of  both  groupB  of  experimental  rabbits  attest  to  the  identical 
potential  danger  which  the  musculature  of  these  animals  repre¬ 
sents  in  the  ooourrenoe  of  salmonellosis  toxinfeotions  in 
humans. 


